Purpose: Methods to accurately, quickly and inexpensively detect cartilage loss are critical to facilitate the use of imaging biomarkers in assessment of OA severity and progression, and are important in large OA trials and observational research. Our previous research using 3D registration has shown that limiting cartilage measurement to localized regions in the knee most frequently involved in OA increases responsiveness while decreasing reading time and expense. However 3D registration involves segmentation of the entire half plate and selection of an indexed point, requiring considerable time and expertise. We have now developed a method to measure cartilage loss in focused regions, determined with respect to a 3D cylindrical coordinate system (a 3D analogue to the previously reported Cartesian coordinate system used to measure radiographic locationspecific joint space width in the knee). The purpose of this abstract was to validate the responsiveness and efficiency of a novel semi-automated method to detect knee cartilage loss over 2 years in subjects with established knee OA. Methods: Twenty-four subjects from the OAI Progression Cohort (Data Set 0.1.1 and Image Releases 0.B.1 and 1.B.1) were randomly selected. Inclusion criteria were a baseline Kellgren-Lawrence (KL) grade of 3. An independent reader (CR) used the software method to segment the medial compartment of the femur from the baseline and 24-month visits, blinded to order of visit. Double echo steady state (DESS) 3D sagittal images were obtained on a 3-T Siemens Trio MR system (0.365 mm x 0.365 mm, 0.7 mm slice thickness, TR 16.5 ms, TE 4.7 ms). Analysis. The primary outcome was the change in cartilage volume (DV) from baseline to follow-up, measured at a fixed point with respect to the coordinate system. Change was measured for 7 regions of varying surface area centered on the fixed point. Summary statistics used in analysis were the average change in cartilage volume from baseline to 24 months (DV), the standard deviation (SD) of DV, the standardized response mean (SRM) (average DV /standard deviation of DV), and the percentage of subjects for which there was a net loss of cartilage. Results: Results are presented in Table 1 . All regions showed a net cartilage loss from baseline to 24 months, averaged over all subjects. Approximately 80% of individual subjects showed a net cartilage loss. The average reading time was 10.5 minutes per knee (SD 3.4) (25-30 slices). Conclusions: The results, similar to our previous study involving 3D registration (but requiring less resources), confirm that measurement of cartilage loss in a local region is responsive and superior to larger areas and to the total sub-plate, and that a coordinate system can potentially be used to objectively explore and establish a consistent location at the knee that is most responsive to change in cartilage volume. This technique has the potential to provide an objective quantitative measure of cartilage loss rapidly and accurately -making it feasible, for example, to assess hundreds of knees in a relatively short period of time. This could substantially reduce study costs and increase study power for large trials and datasets such as the OAI. Purpose: Quadriceps strength was observed to protect against the onset of symptomatic knee OA, but whether it protects against structural progression of knee OA once it is established radiographically, is currently unclear. The objectives of this study were to determine whether baseline or two-year changes in anatomical muscle cross sectional areas (ACSAs) of the quadriceps (heads), hamstrings, and adductors, and/or muscle strength of the extensor and flexors differ between OA knees with structural progression (cartilage loss in MRI and joint space width loss in X-rays) compared with OA knees without structural progression. Methods: A subcohort of the OA Initiative was used, for which baseline and one-year follow up (FU) quantitative MRI analysis on cartilage thickness was available in one knee (n¼719). Of these, n¼561 also had quantitative measurement of radiographic joint space width (JSW) at baseline and at one year follow-up, and central X-ray readings from fixed flexion radiographs (public-use data sets 0.E.1/3.E.1). From these, we identified those with structural progression in the medial femorotibial compartment according to both MRI and radiographic JSW, using the smallest detectable change method (n¼46). Of those, we included 41 with KLG2 or 3, of which n¼23 had axial T1-weighted SE images of the thigh at baseline and 2 year follow-up as well as muscle strength measurement (Isometric chair, Metitur Oy, Jyvaskyla, Finland). For 20 of these we were able to match controls with no progression in either MRI or JSW, with the same sex and KLG, with a body height within 3cm and a BMI within 5kg/m 2 , and with a WOMAC pain score within 5 (of 20) units. Public use MRI data (T1-weighted spin echo sequence/0.E.1/3.E.1) and custom software were used to determine the ACSAs and signal intensities of the quadriceps, hamstrings, and adductors in an axial image located at 33% of the femoral length (distal to proximal; location estimated based on body height). The four quadriceps heads were analyzed in an axial image slice located at 30% femoral length. Baseline and follow-up data were analyzed independently. A paired t-test was used to compare measurements in progressors vs. nonprogressors. Results: Cases with MRI and X-ray progression (age 63.1AE7.8 y) and controls without progression (age 65.8AE10.0 y) consisted of 12 women and 8 men, respectively. Progressors did not show significantly smaller baseline total quadriceps, specific quadriceps heads, flexor, or adductor ACSAs, or significantly smaller extensor and flexor strength than matched controls (Table 1) .
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The results, similar to our previous study involving 3D registration (but requiring less resources), confirm that measurement of cartilage loss in a local region is responsive and superior to larger areas and to the total sub-plate, and that a coordinate system can potentially be used to objectively explore and establish a consistent location at the knee that is most responsive to change in cartilage volume. This technique has the potential to provide an objective quantitative measure of cartilage loss rapidly and accurately -making it feasible, for example, to assess hundreds of knees in a relatively short period of time. This could substantially reduce study costs and increase study power for large trials and datasets such as the OAI. Purpose: Quadriceps strength was observed to protect against the onset of symptomatic knee OA, but whether it protects against structural progression of knee OA once it is established radiographically, is currently unclear. The objectives of this study were to determine whether baseline or two-year changes in anatomical muscle cross sectional areas (ACSAs) of the quadriceps (heads), hamstrings, and adductors, and/or muscle strength of the extensor and flexors differ between OA knees with structural progression (cartilage loss in MRI and joint space width loss in X-rays) compared with OA knees without structural progression. Methods: A subcohort of the OA Initiative was used, for which baseline and one-year follow up (FU) quantitative MRI analysis on cartilage thickness was available in one knee (n¼719). Of these, n¼561 also had quantitative measurement of radiographic joint space width (JSW) at baseline and at one year follow-up, and central X-ray readings from fixed flexion radiographs (public-use data sets 0.E.1/3.E.1). From these, we identified those with structural progression in the medial femorotibial compartment according to both MRI and radiographic JSW, using the smallest detectable change method (n¼46). Of those, we included 41 with KLG2 or 3, of which n¼23 had axial T1-weighted SE images of the thigh at baseline and 2 year follow-up as well as muscle strength measurement (Isometric chair, Metitur Oy, Jyvaskyla, Finland). For 20 of these we were able to match controls with no progression in either MRI or JSW, with the same sex and KLG, with a body height within 3cm and a BMI within 5kg/m 2 , and with a WOMAC pain score within 5 (of 20) units. Public use MRI data (T1-weighted spin echo sequence/0.E.1/3.E.1) and custom software were used to determine the ACSAs and signal intensities of the quadriceps, hamstrings, and adductors in an axial image located at 33% of the femoral length (distal to proximal; location estimated based on body height). The four quadriceps heads were analyzed in an axial image slice located at 30% femoral length. Baseline and follow-up data were analyzed independently. A paired t-test was used to compare measurements in progressors vs. nonprogressors. Results: Cases with MRI and X-ray progression (age 63.1AE7.8 y) and controls without progression (age 65.8AE10.0 y) consisted of 12 women and 8 men, respectively. Progressors did not show significantly smaller baseline total quadriceps, specific quadriceps heads, flexor, or adductor ACSAs, or significantly smaller extensor and flexor strength than matched controls (Table 1) Further, no differences in the mean or SD signal intensity in any of the muscle regions were noted at baseline (data not shown). Changes in ACSAs over 2 years also did not significantly differ between progressor and non-progressor knees (Table 1) . When stratifying comparisons for cases with little baseline pain (WOMAC score of 0-1; n¼7) vs. those with a score of 5-8 (n¼8), the findings were similar (data not shown).
Conclusions: Progressor (case) and non-progressor (control) knees in this study were carefully selected from a large subsample, based on two independent measures of structural OA progression (MRI cartilage loss and JSW reduction in X-rays). Further, cases and controls were carefully matched for measures known to be associated with progression or with muscle area. The results of this exploratory study do not provide support that, once radiographic knee OA is established, baseline or longitudinal changes in thigh muscle ACSAs or strength predict (or are associated) with structural progression.
EVALUATION OF THE DEPENDENCY OF GLYCOSAMINOGLYCAN (GAG) CHEMICAL EXCHANGE SATURATION TRANSFER (GAGCEST) IMAGING ON CARTILAGE GAG CONTENT IN THE ANKLE AT 3 T
B. Schmitt, M. Brix, J. Hofstaetter, R. Windhager, S. Trattnig, S. Domayer. Med. Univ. of Vienna, Vienna, Austria
Purpose: This study was performed to evaluate the feasibility of gagCEST imaging in the ankle on a clinical 3-Tesla MR scanner. The dependency of gagCEST signal on cartilage GAG content was investigated by comparison of MRI data with quantitative biochemical assessment of cartilage GAG content.
Methods:
The study comprised 7 ankle samples from human cadavers, which were examined on a clinical 3 T MR System with a standard knee coil. PD w were acquired with turbo spin-echo (TSE) imaging and fatsat (FS) in the sagittal plane (T E ¼26ms, T R ¼4000ms, resolution¼0.4x0.4x3mm 3 ). GagCEST imaging was performed using a segmented 3D RF-spoiled gradient-echo (GRE) sequence (T E ¼3.49ms, T R ¼9.1ms, resolution¼0.6x0.6x3.3mm 3 , scan time 10:30 min). Selective RF presaturation was achieved using a series of 3 Gaussian RFPulses with pulse duration s p ¼100ms, an interpulse delay s d ¼10ms
and a B 1 of 2.6mT. Z-spectra from images were corrected for B 0 inhomogeneities on a pixel-by-pixel basis by a smoothing spline method. The asymmetry of the magnetization transfer rate (MTR) as determined by MTR asym (d) ¼ MTR(+d)-MTR(-d) was integrated over the offset range from 0.5 -2ppm, which corresponds to the resonance signal distribution from exchangeable GAG -OH protons, and used as signal intensity for gagCEST images. For quantitative biochemical analysis of absolute GAG content in cartilage, as gold standard, the tibial and talar cartilage compartments were divided into three segments (lateral, central, medial) with 1cm width in the sagittal plane (Fig. 1a) . In each segment, 5 contiguous cartilage samples were taken, and a GAG assay (Blyscan B3000 GAG Assay) was used to determine absolute GAG content (mg/mg) and water content of the probes. The calculated GAG concentrations were expressed as the relative weight per cartilage wet weight [% GAG/mg WWt]. To compare MRI data to biochemical analysis, cartilage areas were segmented in MR images and gagCEST values were averaged in regions corresponding to the division used for biochemical analysis. The correlation coefficient (r) for gagCEST and biochemical essay was determined using Pearson correlation analysis. To account for individual differences in cartilage water content, which can alter chemical exchange effects, measured gagCEST signals were scaled to the fictive case of 90 % water content in cartilage.
Results: All examined ankles showed morphologically intact cartilage on PD w MR images. From the 42 available cartilage samples (7 patients x 2 cartilage surfaces x 3 cartilage segments ¼ 42), 4 samples from ankle # 6 were excluded from analysis due to extremely thin (<< 0.8 mm) cartilage in the medial and lateral segments. The remaining 38 data points showed a linear correlation between gagCEST signal intensities and GAG concentrations with r ¼ 0.797 if differences in water contents were neglected. If these differences were accounted for, a higher correlation coefficient of r ¼0.859 was obtained (Fig. 1b) . The average measured gagCEST signal intensity (Fig. 1c) . CHECK is a prospective study (ten-year) on early OA in ten Dutch hospitals. Separate radiographs of both knees from baseline, two-year and five-year follow-up (T0, T2y, and T5y respectively) were evaluated. KIDA measurement provides per radiograph 14 parameters of joint damage (lateral, medial, and minimum joint space width (JSW), subchondral bone density in lateral and medial femur and tibia, osteophytes on lateral and medial femur and tibia, height of two eminences, varus angle). A principal component analysis aided decisions on how to best combine the KIDA parameters into domains that represent specific separate radiographic OA characteristics. These features were evaluated for development, and were related to each other and to clinical outcome using T0, T2y, and T5y radiographs.
Results: In this cohort with very early symptoms related to OA, minimum JSW, medial JSW, lateral JSW, varus angle (+: varus), osteophyte area (sum of lateral and medial femur, and lateral and medial tibia), eminence height (sum of lateral and medial eminence), and bone density (mean of lateral and medial femur and tibia) were identified as radiographic features. The features progressed in radiographic severity (figure) at different times in follow-up: early (medial JSW, osteophyte area), late (minimum and lateral JSW, eminence height), and both early and late (varus angle, bone density). The separate radiographic features were statistically significantly (p<0.05)
